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The XRCC1 DNA repair protein contains two regions
f approximately 100 amino acids each that share ho-
ology with the BRCT (BRCA1 carboxyl terminus) do-
ain superfamily. These two regions of XRCC1 have

een shown to interact independently with DNA ligase
II and poly(ADP-ribose)polymerase as part of a mecha-
ism involved in the repair of DNA single-strand breaks.
o understand how these BRCT regions specify protein–
rotein interactions and contribute to DNA repair func-
ion, we have overexpressed and purified the distal
RCT domain of XRCC1 with the goal of structure de-

ermination. The cDNA encoding this BRCT region
X1BRCTb) was inserted into the pET29 bacterial ex-
ression vector; the polypeptide was expressed in
ostly soluble form and then purified by anion-ex-

hange and gel filtration chromatography. Crystalliza-
ion screening with the purified material resulted in the
ormation of large bipyramidal crystals. Crystals formed
ithin several hours at room temperature from salt so-

utions of ammonium sulfate. Crystals diffract to ;2.85 Å
nd were found to be in space group P41212 (or its enan-
iomorph P43212) with unit cell dimensions a 5 100.43 Å,
5 105.62 Å. Crystals of similar character have also been
btained after incorporation of selenomethionine dur-
ng expression of the protein. Efforts are now under way
o determine the molecular structure of the X1BRCTb
omain. These studies are likely to give insight into the

nteraction between XRCC1 and DNA ligase III and into
eneral structural features of BRCT domains that exist
n many other proteins.

1 Current address: Myriad Genetics Laboratories, Inc., 320
akara Way, Salt Lake City, UT 84108.
2 To whom correspondence should be addressed at Biology and

iotechnology Research Program, Lawrence Livermore National
aboratory, P.O. Box 808, L-452 Livermore, CA 94551. Fax: (925)
i22-2282. E-mail: mthelen@llnl.gov.
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The BRCT (BRCA1 carboxyl terminus) domain is a
idely duplicated sequence module recently identified
y homology shared between more than 40 proteins,
any of which are central to DNA repair and cell cycle

ontrol processes (1, 2). The domain superfamily was
nitially defined by conservation within a tandemly
epeated region of 100 residues found in the human
reast cancer-associated protein BRCA1 and several
isparate proteins (3). One member of this superfamily
s XRCC1 (X-ray repair cross-complementing 1), a

ammalian protein which functions in the repair of
ase damage and DNA single-strand breaks (4, 5). The
epair function of XRCC1 is dependent on the specific
ssociation between its C-terminal region and the C-
erminal region of DNA ligase IIIa (Lig IIIa) (6, 7), both
f which contain distinct BRCT domains. Interaction of
RCC1 with Lig IIIa is dependent on a 20 amino acid
lock within the BRCT module of XRCC1 (8). Another
RCT domain identified in the midsection of XRCC1

nteracts with two discreet regions of poly(ADP-ribose)-
olymerase (PARP), one of which has BRCT homology
9). We use the nomenclature “X1BRCTa” and
X1BRCTb” to indicate the respective proximal and
istal interacting domains within XRCC1 (5) (see
ig. 1).
Homology based on conventional pairwise or multi-

le alignment search algorithms was insufficient to
efine this superfamily. Sequence alignments were
ugmented by predictive methods, such as protein sec-
ndary structure and hydrophobicity pattern match-

ng, in order to identify the BRCT domain within pro-
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237CHARACTERIZATION OF THE BRCTb DOMAIN OF XRCC1
eins of this superfamily (1, 2). As in BRCA1, the BRCT
omain is often found in tandem repeats at the C-
erminus of proteins, but also as a single copy and
lsewhere in the protein. Although computational tools
redicted a common set of features consisting of two
-helices surrounded by b-strands, these structural el-
ments and the molecular structure of any BRCT do-
ain are yet to be determined. It is considered likely

hat BRCT will be an independent structural unit that
s autonomously folding (1).

The observed sequence similarity of a BRCT module
ithin a set of proteins that function in DNA transcrip-

ion, repair, or replication suggests that BRCT may
ink the functions of these proteins to the cell cycle
heckpoint machinery (1, 2). Although the function of
his domain is not understood, it does appear likely
hat protein–protein interactions are specified by
RCT modules. This is known to be the case in the
pecific associations between BRCT domains of the
chizosaccharomyces pombe proteins Crb2 and Cut5

11), as well as the human proteins XRCC4 and DNA
igase IV (12), XRCC1 (X1BRCTb) and DNA ligase III
7,8), and XRCC1 (X1BRCTa) and PARP (9). A BRCT-
ontaining protein may also interact specifically with
roteins lacking a BRCT domain. Such is the case with
he 53BP1, in which a carboxy terminal fragment, con-
isting mostly of two BRCT domains, binds specifically
ith p53 (13) and also TopBP1, which contains eight
RCT domains and interacts with DNA topoisomerase

Ib (14). BRCT function is implicated in early onset
reast and ovarian cancers: loss of the two BRCT do-
ains in mutant alleles of BRCA-1 is sufficient to

ause these diseases (15). The structure of this domain
ill directly impact the understanding of many BRCT-

ontaining proteins, including human BRCA1, 53BP1,
CT2, TdT, TopBP1, DNA ligase III, DNA ligase IV,
RCC1, XRCC4, and PARP; Saccharomyces cerevisiae
AD9, REV1, RAP1, and DBP11; and S. pombe rad4/

ut5 and crb2.
To determine the structure of the BRCT module,

oward understanding its apparent role in DNA repair
r associated cellular functions, we overexpressed, pu-
ified, and crystallized the distal BRCT domain,
1BRCTb, of the human XRCC1 protein. Crystals ob-

ained thus far diffract X rays to ;2.85 Å and have
een used to collect initial data.

ATERIALS AND METHODS

Cloning. To isolate the putative structural domain
1BRCTb (residues 538–633 of XRCC1), the plasmid
cD2EX containing the human XRCC1 cDNA (4) was
sed to amplify the region between nucleotides 1597 to
902 by polymerase chain reaction (PCR). Deoxyribo-
ucleotide primers (obtained from Genset, Inc.) used

or amplification were forward, 59TATACATATG- a
ATCTGCCAGTCCCTGAGC39; and reverse, 59AGT-
CGGCCGCTCAGGCTTGCGGCACCAC39. The un-
erlined nucleotides of the forward and reverse
rimers denote the NdeI and EagI sites, respectively,
sed in cloning the 306-bp product. PCR using Pfu
olymerase (Stratagene) consisted of 94°C (5 min), fol-
owed by 25 cycles of 94°C denaturation (30 s), 55°C
nnealing (45 s), and 72°C extension (45 s), and was
ompleted by a 72°C (7 min) extension. The product
as cloned using standard techniques (16) into the
ET-29a(1) vector (Novagen, Inc.) using the NdeI and
agI sites in the plasmid. NovaBlue bacteria (Nova-
en) were transformed to kanamycin resistance, plas-
id DNA was isolated from transformants, and the

ntire sequence of the insert and flanking regions was
erified by DNA sequencing. The resulting construct,
XB1.2, contains the 39 region of the XRCC1 cDNA
nserted after the ribosomal binding site of pET29, so
hat the ORF begins at a nonnative codon for Met and
erminates at the native stop codon of XRCC1.

X1BRCTb production and purification. For protein
xpression, pXB1.2 was transformed into Escherichia
oli strains BL21(DE3) and B834(DE3) (Novagen).
ypically, an overnight culture was diluted 1 to 100 in
B medium containing 25 mg/mL kanamycin. These
ultures were grown at 37°C until the A600 value was
.6–0.7. Protein expression was induced by addition of
PTG to a final concentration of 0.4mM. The cultures
ere then grown for 5 h at 37°C and harvested by

entrifugation at 4000g for 20 min at 4°C. The super-
atant was removed and the pelleted cells frozen at
20°C. The cells were lysed by resuspending the

ells in 20 mM bis[2-hydroxyethyl]iminotris[hydroxy-
ethyl]-methane (Bis–Tris), pH 6.0, 100 mM NaCl, 10
M DTT and passing the suspension through a French

ress twice at 20,000 psi. The lysate was centrifuged
or 20 min at 12,000g, and the supernatant (corre-
ponding to 0.5 L of culture) was loaded onto a 20 mL
acro-Prep Q ion-exchange column (Bio-Rad, Inc.).
he column was then washed with 5 column vol of 90%
uffer A (20 mM Bis–Tris, pH 6.0) and 10% Buffer B

20 mM Bis–Tris, pH 6.0, 1 M NaCl) followed by a
5-mL wash with 15% Buffer B. The protein was eluted
ith a linear gradient of 15% Buffer B to 30% Buffer B
ver 3 column vol followed by 30% Buffer B for 2
olumn vol. Fractions containing X1BRCTb as identi-
ed by SDS-PAGE and immunodetection were com-
ined (Fraction I) and diluted with Buffer A to approx-
mately three times the volume of the lysate sample
oaded and then reloaded onto the Q20 column.
1BRCTb was eluted with 40% Buffer B. Fractions
ontaining X1BRCTb were pooled (Fraction II), concen-
rated to less than 10 mL by dialysis centrifugation
Centriprep-3; Amicon), and then loaded onto a prepar-

tive Superdex-75 column (Amersham Pharmacia Bio-
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238 THORNTON ET AL.
ech; 2.5 3 100 cm; 2.5 mL/min) that was equilibrated
n 50 mM K-phosphate buffer, pH 7.0, 500 mM KCl.
ractions from this column containing X1BRCTb were
ombined (Fraction III), concentrated, and exchanged
nto 10 mM Na-phosphate buffer, pH 7.0, using an
micon 8MC micro-ultrafiltration system (YM3 mem-
rane, Amicon). Protein content was determined by the
io-Rad microassay protocol. Purity was assessed by
nalyzing the stained polyacrylamide gel photograph
mage, using 1D image analysis software (Eastman
odak Co.) to capture the image and calculate band

ntensities.
For estimation of X1BRCTb molecular mass under

olution conditions used for purification, a parallel run
f the Superdex-75 column was performed with the
ollowing standards: aprotinin (6500), cytochrome c
12,400), carbonic anhydrase (29,000), and bovine al-
umin (66,000). The resulting correlation coefficient
R2) for the standards was 0.998.

Production of selenomethionine protein. For incor-
oration of selenomethionine (Se-Met) into X1BRCTb
or crystallographic multiwavelength anomalous dis-
ersion (MAD) phasing experiments, the B834(DE3)/
XB1.2 strain was inoculated from a 40-mL seed cul-
ure into M9 medium, 25 mg/mL kanamycin, at 37°C
ntil the A600 value was 0.6–1.0. The medium was then
hanged by resuspending harvested cells in a modified,
et-free LeMaster’s minimal medium (17) containing

5 mg/mL kanamycin, 5 mM Se-Met (Sigma), and 0.4
M IPTG to induce expression. After 3 h the cells were
arvested and stored at 280°C. The purification pro-
edure was identical to that of the nonlabeled protein
xcept that all chromatography buffers contained 1
M dithiothreitol.
SDS–polyacryamide gel electrophoresis. All SDS–

AGE protein samples were prepared for electrophore-
is using a 23 Tris–glycine sample buffer (Novex) con-
aining dithiothreitol. The samples were heated for 2–3
in at 90°C prior to electrophoresis and then sepa-

ated on a 4–20% polyacrylamide Tris–glycine gel
Bio-Rad Laboratories) and stained with Coomassie
lue R-250 (Sigma).
Immunodetection. After electrophoretic separation,

roteins were transferred to a nitrocellulose mem-
rane using a transfer apparatus (Bio-Rad) at 20 V
vernight. Protein molecular mass markers (Novex)
ere detected on the membrane using Ponceau-S

Sigma) staining before or after immunodetection pro-
edures. X1BRCTb was then detected using an affinity-
urified mouse polyclonal antibody raised against hu-
an XRCC1 (5), followed by a secondary anti-mouse

gG, peroxidase-linked species-specific F(ab9) fragment
Amersham Life Sciences). Lig III proteins were de-
ected similarly, using a rabbit polyclonal antibody

aised against Lig IIIb, a generous gift from Dr. Alan (
omkinson, and followed by the appropriate secondary
ntibody (Bio-Rad). The immunoblot was developed by
ncubation with chemiluminescence reagent according
o the manufacturer (Pierce) and subsequent exposure
o Kodak autoradiographic X-OMAT film.

Domain:protein interactions. X1BRCTb:Lig III in-
eractions studies were carried out using the bulk GST
urification module (Amersham Pharmacia Biotech).
lutathione S-transferase (GST) fusion constructs of
ig IIIa and b were generously provided by Dr. Alan
omkinson. Escherichia coli BL21 cells were trans-

ormed to both kanamycin and ampicillin resistance
ith pXB1.2 and a pGEX plasmid containing GST–Lig

IIa, GST–Lig IIIb, or no insert (parental GST fusion
rotein alone). Bacteria selected to contain both plas-
ids were then induced to coexpress X1BRCTb and

ne of the GST proteins by addition of IPTG to 0.4 mM.
1BRCTb was expressed equally well in all three GST
rotein backgrounds (data not shown). For GST affin-
ty capture, glutathione–Sepharose 4B was preequili-
rated with Binding Buffer [50 mM Hepes (pH 7.9),
00 mM NaCl, 1 mM dithiothreitol, 0.1 mM EDTA,
0% glycerol] containing 0.1% Nonidet P-40 and 2%
ried milk, as described (6). Induced bacterial cells
ere lysed by sonicating in Binding Buffer and then

entrifuged at 12,000g for 10 min at 4°C. After adding
onidet P-40 to 0.1%, a 50% slurry of GST–Sepharose
as added to the sonicate at 1/25 the sonicate volume
nd mixed by gentle shaking for 30 min at room tem-
erature. The Sepharose was washed three times with
inding Buffer containing 0.1% Nonidet P-40. Proteins
emaining bound to GST–Sepharose were separated by
DS–PAGE after incubating samples for 10 min at
0°C in 13 SDS sample buffer (1/25 the sonicate vol-
me). X1BRCTb, GST–Lig III, and GST were all visible
y both Coomassie blue staining and immunoblotting.
ormalization of samples was achieved by comparing

he stained GST fusion proteins using the 1D image
nalysis software.
Circular dichroism. Spectra were acquired on a

asco 715 circular dichroism (CD) spectropolarimeter
sing a 0.1 cm cell. The system was purged with nitro-
en at 50 L/min. Data acquisition parameters were as
ollows: range, 250–190 nm; sensitivity, 50 mdeg; res-
lution, 0.2 nm; bandwidth, 1.0 nm; response, 1 s; scan
peed, 20 nm/min; and, number of accumulations,
0. After background subtraction, the spectra were
nalyzed by a linear combination fit (Program Jfit,
. Rupp, unpublished, available from http://www-
tructure.llnl.gov/cd) using reference data of Green-
eld and Fasman (18).
Protein crystallization. Crystallization was per-

ormed using the hanging drop vapor diffusion method.
rops containing a mixture of 3-mL protein solution
5.5 mg/mL) and 3 mL of reservoir solution were
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239CHARACTERIZATION OF THE BRCTb DOMAIN OF XRCC1
creened against a wide range of conditions at 4°C and
oom temperature. The conditions were chosen accord-
ng to the output of the CRYSTOOL program (19;
vailable from http://www-structure.llnl.gov/crystool/
rystool.htm), which allows for a statistical sampling of
large parameter space. Crystals formed at room tem-
erature within hours under a variety of conditions,
hich were further refined and finally reproducibly
ielded diffraction quality crystals in 1.0 M ammonium
ulfate, 0.1 M Tris–HCl, pH 6.7–7.1. Crystals of the
e-Met-containing protein were grown in the same
uffer containing 5 mM 2-mercaptoethanol.
X-ray diffraction. For diffraction studies, crystals
ere harvested and briefly washed in crystallization
uffer containing 30% (w/v) glycerol as a cryopro-
ectant, retrieved with a rayon cryoloop, and flash-
ooled in liquid nitrogen. Crystals were maintained at
ear liquid nitrogen temperatures during data collec-
ion. Data from native crystals were collected on an
DSC dual multiwire detector system on a rotating
u-anode X-ray generator (Rigaku RU200, l 5 1.54178
) and indexed and integrated using manufacturer-
upplied software. Supplemental information about
quipment and cryo procedures used are available
rom www-structure.llnl.gov. Data from the Se-Met-
ontaining crystals were collected under cryo condi-
ions on beamline 5.0.2 of the Macromolecular Crystal-
ography Facility at the Advanced Light Source (ALS,
awrence Berkeley National Laboratory, Berkeley,
A) using a 2 3 2 module ADSC CCD detector. Data
ere autoindexed, integrated, and merged using MOS-
LM and SCALA of the CCP4 program suite (20).

ESULTS AND DISCUSSION

Purification of X1BRCTb. Because of the functional
mportance of the C-terminal region of XRCC1 in its
nteraction with Lig III (Fig. 1, and references therein)
nd the identification of this region as a putative struc-
ural domain (1, 2), we expressed and purified the

IG. 1. Functional domains of XRCC1. Linear schematic indicating
he regions of XRCC1 that interact with proteins implicated in the
epair of DNA base damage: DNA polymerase b (Polb) (10), PARP
9), and Lig IIIa (7; 8; and this study). n.d., not determined.
uman X1BRCTb polypeptide for biochemical and X
tructural studies. The design of recombinant protein
ncorporates 101 amino acids encompassing the
RCTb domain, such that 5 native residues at the
-terminus and 4 at the C-terminus are outside the
oundaries described strictly by homology (1). The re-
ulting polypeptide has a calculated Mr of 11,928 and a
I of 4.6. Purified X1BRCTb was obtained by overex-
ression in E. coli and enrichment by anion-exchange
nd gel filtration chromatography. A two-step purifica-
ion protocol was developed, including anion-exchange
nd gel filtration chromatography, that yielded 29 mg
f highly purified X1BRCTb from 1 liter of bacterial
ulture. The protein is highly soluble, up to 27 mg/mL
t pH 7 in our preparations, and the final X1BRCTb
raction was 98% pure as judged by densitometric eval-
ation of proteins separated by SDS–gel electrophore-
is (Table 1 and Fig. 2).
During the process of refining the purification proto-

ol, it was observed that the elution time of X1BRCTb
n Superdex 75 was salt and protein concentration
ependent. Increasing the salt concentration to at least

TABLE 1

Purification of Overexpressed X1BRCTb

Step
Protein

(mg)
Yield
(%)

Purification
(fold)

ysate 138 31 1.0
acro Prep Q20 (Fraction II) 60 65 2.1

uperdex 75 (Fraction III) 29 98 3.2

Note. Yield and purification were determined by measuring the
uantity of X1BRCTb in an SDS–polyacrylamide gel using densito-
etric scanning, compared to the total protein determined in each

orresponding sample.

IG. 2. Purification of X1BRCTb. (A) Coomassie-stained SDS–
olyacrylamide gel of X1BRCTb purification fractions. Protein cor-
esponding to 0.2 mL of the original bacterial culture was loaded in
ach lane. Lane 1, lysate (27.7 mg); lane 2, flowthrough from Q20
olumn (6.5 mg); lane 3, Fraction II from Q20 column (12.5 mg); lane
, Fraction III from Superdex 75 column (5.8 mg). (B) Western blot of

1BRCTb purification fractions shown in A.
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240 THORNTON ET AL.
.5 M resulted in longer retention time and hence
etter separation from high molecular weight contam-
nants. This effect is likely due to oligomerization of
1BRCTb, occurring during either bacterial expres-
ion or chromatography, and the oligomers are appar-
ntly dissociated in higher salt concentrations. Based
n Mr standards run under the same conditions as
hose used during purification, including 0.5 M salt,
1BRCTb was estimated at 30,000 Da, indicating that
1BRCTb is at least a dimer.
Solution conformation of X1BRCTb. Analysis of
D spectra of the purified X1BRCTb revealed a defined
econdary structure containing approximately 64% of
-helix and 36% b-sheet (Fig. 3). The results from the
D analysis are consistent with secondary structure
rediction of a consensus a-helical structure in BRCT
omains and shorter, less well-defined b-sheet regions
1).

Functionality of X1BRCTb: Interaction with Lig IIIa.
aving observed a folded structure by CD, we tested

he native binding of X1BRCTb with Lig IIIa, the pre-
ominant form of Lig III (6), which contains a single,
nusually short BRCT domain of 76 residues at the

IG. 3. CD spectrum of X1BRCTb. The sample contained 0.05
g/mL purified X1BRCTb in 10 mM Na-phosphate buffer, pH 7.0.
xperimental data represented as squares; theoretical curve fit, as a
olid line.
-terminus (1, 2). The testis-specific Lig IIIb form i
acks this BRCT domain due to alternative mRNA
plicing and does not bind XRCC1 (6, 7). Furthermore,
hese previous studies indicated that XRCC1 and Lig
IIa interact through their respective C-terminal re-
ions and that the contact region in XRCC1 is within
he BRCT domain of aa 537–633 (7, 8). In this study,
e used a GST–affinity capture method to confirm that

he overexpressed X1BRCTb domain binds preferen-
ially to Lig IIIa in vitro (Fig. 4), as seen in previous
ffinity precipitation assays (7). In addition, the ease of
rystal formation (see details below) of the purified
rotein strongly indicates that X1BRCTb domain is
olded into a single conformation; i.e., there is no het-
rogeneity in the sample. These observations taken
ogether indicate that the purified X1BRCTb likely
etains the native structure in XRCC1 necessary for
he interaction between the BRCT domains of XRCC1
nd ligase III.
Crystallization and initial crystallographic charac-

erization. Initial crystallization screening yielded
1BRCTb crystals under a variety of conditions. Fur-

her optimization led to reproducible growth of well-
ormed, bipyramidal, diffraction quality crystals (long-
st dimensions 0.5–0.7 mm) (Fig. 5). Crystals used for
haracterization formed in the presence of ammonium
ulfate at neutral pH (Table 2). Diffraction data were
ollected at 125K and a complete data set could be

IG. 4. Interaction of X1BRCTb domain with Lig IIIa. X1BRCTb
as coexpressed in E. coli with either GST–Lig IIIa or b or GST
lone, and resulting protein complexes were captured from the sol-
ble lysates on glutathione–Sepharose as described under Materials
nd Methods. Proteins eluted from Sepharose were detected after
DS–gel electrophoresis (A) and immunoblotting (B). Lanes 1,
1BRCTb coexpressed with GST–Lig IIIa; lanes 2, X1BRCTb coex-
ressed with GST–Lig IIIb; lanes 3, X1BRCTb coexpressed with the
arental GST fusion protein. (A) Coomassie –blue-stained gel of
amples containing equivalent amounts of GST fusion protein. (B)
mmunoblot of bound proteins loaded in A. The nitrocellulose mem-
rane was halved and probed with the appropriate antibodies.(Top)
ig III a and b proteins were detected using Lig III-specific antibod-

es. (Bottom) X1BRCTb was detected using XRCC1-specific antibod-

es.
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241CHARACTERIZATION OF THE BRCTb DOMAIN OF XRCC1
ollected to 3.2 Å. The space group of the native crys-
als was determined to be P41212 (or the enantiomor-
hic group P43212), with unit cell dimensions a 5 b 5
00.53 Å and c 5 105.85 Å.
To enable MAD phasing of the diffraction data, Se-
et was incorporated into X1BRCTb during bacterial

xpression. The Se-Met-labeled protein crystallizes in
he same tetragonal space group with nearly identical
nit cell dimensions a 5 100.43 Å and c 5 105.62 Å
Table 2). MAD data were collected to 2.85 Å at the
LS at four wavelengths (l1 5 0.9847 Å, l2 5 0.9851 Å;
3 5 1.0749 Å, l4 5 0.9297 Å). l1 and l2 were selected
o maximize f0 and f9, respectively, as determined by an
n situ EXAFS scan of the selenium K-edge of the

ounted crystal. l3 and l4 correspond to two remote
avelengths on either side of the edge. MAD phasing of

he data and structure determination is currently un-
er way. From the unit cell dimensions and the molec-
lar mass of the X1BRCTb polypeptide, we estimate
hat the unit cell contains four molecules in the asym-
etric unit, yielding a Matthews coefficient of 3.05
3/Da with a solvent content of 59.7%. Four molecules
er asymmetric unit is consistent with the observed
ligomerization of X1BRCTb.
During the review of our original manuscript, a

tructure of the XRCC1 BRCTb domain dimer was
ublished by Zhang et al. (21). There are, however,
everal differences between the crystals reported in
heir study and ours. Zhang et al. found their crystals
o be in the trigonal space group P3121, whereas our
rystals are tetragonal P41212 (or its enantiomorph
43212), giving rise to a considerably different packing
nvironment in the unit cells. The presence of addi-
ional residues in our peptide (C-terminal DLPVP and
-terminal VPQA) potentially affects the packing in

he crystals. In particular, the N-terminal inclusion of

IG. 5. Crystals of X1BRCTb. Bipyramidal tetragonal crystals (0.7
m largest dimension) diffracting to 2.85 Å. See Materials and
ethods for growth conditions.
esidues DLPVP in our construct is in close vicinity of i
he contact helices proposed by Zhang et al. and may
nfluence the dimer contact conformations. The C-ter-

inal modification may also induce different molecular
acking due to changed intermolecular contacts.
Our native protein diffracts to considerably higher

esolution than the selenomethionine crystals used for
efinement of the published structure. Both the crys-
als in Zhang’s report and the crystals in ours show
ather large unit cells and similar high degrees of
ydration, which, in both cases, appear related to the

imited resolution of the diffraction data obtained.
In conclusion, we report the characterization and

rystallization of the C-terminal BRCT domain of
RCC1. The X1BRCTb polypeptide isolated after over-
xpression in E. coli has a mostly helical structure (by
D), appears to be functional in specific protein–pro-

ein interactions, and readily forms crystals. X-ray dif-
raction data are of sufficient quality to pursue the
rystal structure determination. Although a crystal
tructure has already been reported for X1BRCTb, our
rotein preparation crystallizes in a different space
roup from that reported by Zhang et al. Determina-
ion of the structure from a different crystal form will
llow us to assess whether protein–protein contacts
bserved in the published dimer structure represent

TABLE 2

Crystallization Conditions (Room Temperature) and Data
Collection Statistics for X1BRCTb Crystals

Crystal Native Se-Met

rystallization conditions
Buffer (Tris–HCl) 100 mM,

pH 6.9
100 mM,

pH 6.9
Precipitant (ammonium sulfate) 1 M 1 M
Additive (2-mercaptoethanol) None 5 mM
ata collection statistics
Space groupa P41212 P41212
a (Å) 100.53 100.43
c (Å) 105.85 105.62
dmin (Å)b 3.2 2.85
Observations (no.) 105,944 72,561
Unique reflections (no.) 26,022 13,640
Completeness (%) 98.9 70.0
Rmerge (%)c 8.7 5.6
^I/s(I)& 4.3 8.8
Rano (%)d n/a 2.6

Matthews Coefficient VM (Å3/Da) 3.05
Solvent content (%) 59.7
Molecules per asymmetric unit 4

a Indistinguishable from its enantiomorphic space group P43212
ased on diffraction intensities alone.

b dmin, the smallest d-spacing for which reflections were measured.
c Rmerge 5 ¥i(¥juIij 2 ^Ii&u)/¥i^Ii&; Iij is the scaled intensity of the jth

bservation of each unique reflection i and ^Ii& is the mean value.
d Rano 5 ¥(uI1 2 I2u)/¥(I1 1 I2), I1 and I2 are intensities of corre-

ponding Friedel mates. Wavelength selected (l1 5 0.9847 Å) max-

mizes anomalous (Bijvoet) differences.
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he true conformation of the proposed recognition sites
r are influenced by crystal packing. Knowledge gained
rom the structure of the BRCTb domain of XRCC1 will
ikely provide insight into the function of the many
ther BRCT domains in independent protein–protein
nteractions and moreover in DNA repair or other cen-
ral biological processes.
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